The pair production of charged heavy leptons via two photon fusion is considered for hadron collisions at SSC and LHC energies. Rates for the inelastic process pp → γγX → L + L − X and the elastic process pp → γγpp → L + L − pp are given in a Weizsäcker-Williams approximation and compared with production via the gluon fusion and Drell-Yan mechanisms
Introduction
Heavy leptons, both charged and neutral, are a feature of many models which extend the particle content of the Standard Model. These include models which propose a complete additional generation 1 of heavy quarks and leptons, as well as those like E 6 based grand unified models, 2 which contain extra particles within each generation. The Drell-Yan, 3, 4 gluon fusion, 4 and gauge boson fusion 5 mechanisms for the production of heavy charged leptons in hadron collisions have been investigated in the past.
We present here a preliminary study of heavy charged lepton pair production through two photon fusion, which has been overlooked so far. Both the inelastic process pp → γγX → L + L − X and the elastic process, pp → γγpp → L + L − pp, are considered here in a Weizsäcker-Williams approximation (WWA). 6, 7 Our investigation indicates that two photon fusion is an important mechanism for the production of charged lepton pairs, at the SSC, provided the lepton mass, m L , is below about 250 GeV.
For comparison with the photon fusion mechanism considered here, we would also present the results for L + L − production through the Drell-Yan and gluon fusion mechanisms. The Drell-Yan quark anti-quark annihilation proceeds via s-channel γ and Z exchange. The gluon fusion proceeds via a quark triangle diagram followed by Z or Higgs exchange. Expressions for these cross sections can be found in the literature.
4,8
The rates for the gauge boson fusion and annihilation processes are negligible compared to the Drell-Yan and gluon fusion rates except for the case of very massive heavy leptons 5 . Since we find the two photon fusion mechanism to be important only for
relatively small values of m L , further comparisons with the gauge boson fusion processes will not be made. For the two photon fusion mechanism under consideration here, the Feynman diagrams for the relevant subprocess γγ → L + L − , common to the inelastic and elastic cases, are shown in Fig. 1 . Assuming that heavy charged leptons couple to the photon in the usual way, the summed and averaged matrix element squared for this process is
where t and u refer to the exchanged momenta squared corresponding to the direct and crossed diagrams for the two photon subprocess. The total cross sections for the elastic and inelastic cases are obtained by convoluting the subprocess cross section with the appropriate photon and parton structure functions and integrating over the two body phase space using Monte Carlo techniques. We describe in Secs. 2 and 3 respectively, the details of the total cross section calculations for the inelastic and elastic cases. The results are presented in Sec. 4 and we summarize in the final section and indicate what work is in progress.
The Inelastic Process pp
The cross section for the production of a pair of heavy charged leptons in inelastic pp collisions is obtained by convoluting the differential cross section of the γγ → L + L − subprocess, dσ γγ , with the probabilities of finding the photons in the protons as follows.
The inelastic component of the photon spectrum, f inel γ/p (x), is given by
In the above equation, f q/p (x 2 , Q 2 ) are the parton structure functions, which we have taken to be the HMRS (Set B) structure functions 9 evaluated at the scale Q 2 =ŝ/4, s being the parton center of mass energy squared. We sum over the contributions due to the u, d, c, and s quarks and antiquarks from the protons. The lower limits of integration in the above equations ensures that the two photon center of mass energy is sufficient for L + L − production. The Weizsäcker-Williams photon spectrum, f γ/q (x), from a quark (of charge e q ) is given by
Here t max and t min are the characteristic maximum and minimum photon momentum transfers which we have taken to be t max =ŝ/4 − m 2 L and t min = 1 GeV 2 , with √ŝ being the center of mass energy in the parton frame. There is some flexibility in the choice of t max . However, in agreement with Altarelli et. al., 10 we have found that our results are not very sensitive to this parameter, within the limits of the Weizsäcker-Williams approximation. The particular choice of the minimum momentum transfer, t min , guarantees that the photons are obtained from the deep inelastic scattering of protons, when the quark-parton model is valid.
The Elastic Process pp
The cross section for L + L − production via elastic collisions of protons is obtained by folding the same subprocess differential cross section, dσ γγ , with the elastic component of the photon spectrum from the protons, f el γ/p .
The upper limits of integration in the above expression are given by x max = 1−2m p / √ s, where m p and √ s are respectively the proton mass and the center of mass energy of the elastically colliding protons. The lower limit of integration x min has the same significance as in the case of inelastic collisions. In the above, we use the photon spectrum for elastic collisions of protons, f el γ/p , derived by Kniehl 7 in a modified Weizsäcker-Williams approximation. It takes the form given below.
Here, t max = −m 2 p x 2 /(1−x) while H 1 and H 2 are functions of the electric and magnetic form factors of the proton.
The form factors are parametrized as
From the above one can obtain an explicit expression for f el γ/p which has been used in our calculation. The full details are given in Ref. 7 . We have also checked the above calculation by using an alternative form of the photon spectrum from elastically colliding protons. 11 The cross sections thus obtained using this alternative form essentially agree with the results presented here using the Kniehl form of WWA.
Results and Discussion
For the purpose of comparison, we first present some results for the two previously well known production mechanisms for L + L − , Drell-Yan and gluon fusion. In our calculations we use α = 1/128, M W = 80.22 GeV, and M Z = 91.173 GeV. The total cross sections are obtained by convoluting the parton subprocess cross sections with the HMRS (Set B) structure functions evaluated at the scale Q 2 =ŝ/4, where √ŝ is the center of mass energy for the subprocess. The parameter α s , used in the gluon fusion calculation, is evaluated at the two-loop level using its representation in the modified minimal-subtraction (MS) scheme, 12 and using the value Λ (4) MS = 0.19 GeV, consistent with the HMRS-B parametrization. For the gluon fusion mechanism we assume only three generations of quarks, with the top quark mass set at 150 GeV. Results for the inclusion of a fourth generation of heavy quarks can be found in Refs. 1,8. The Higgs mass for the calculation is chosen to be 150 GeV. The total cross sections for L + L − production via the Drell-Yan and gluon fusion processes in pp collisions, as a function of the charged lepton mass, are shown in Fig.  2 for the SSC center of mass energy of 40 TeV and in Fig. 3 for the LHC energy of 15.4 TeV. The dotted and dot-dashed lines represent respectively the cross sections due to gluon fusion and Drell-Yan mechanisms. At both energies, the Drell-Yan process dominates for low m L . However, the gluon fusion cross section falls off less rapidly than the Drell-Yan cross section with increasing m L , and overtakes the Drell-Yan around m L = 240 GeV for the SSC, and at about m L = 500 GeV for the LHC.
In Figs. 2 and 3 , the solid lines represent the total cross section for the production of charged heavy leptons via the inelastic process pp → γγX → L + L − X, as a function of m L , for the SSC and LHC energies respectively. Evidently, the inelastic two photon process is an important means of producing fairly low mass heavy charged lepton pairs at SSC energies. Fig. 2 shows that the cross section for this process is within a factor of 1.4 of that for the dominant Drell-Yan process when m L is 100 GeV. The two photon inelastic production falls to an order of magnitude below the now-dominant gluon fusion process by m L of about 260 GeV. Hence, we can conclude that the process pp → γγX → L + L − X is an important means of production of heavy charged lepton pairs for m L below 200-250 GeV at SSC energies. From Fig.   3 , we can see that the inelastic two photon process under consideration is much less important at LHC energies. The production cross section is over an order of magnitude below the dominant Drell-Yan production cross section even for m L of 100 GeV. The total cross sections for the elastic pp collision is given as a function of the mass of the heavy lepton, by the dashed lines in Figs. 2 and 3 , for the SSC and LHC energies respectively. This contribution is well below the dominant contributions over the range of masses under consideration at both energies. The inelastic cross section is more than an order of magnitude larger than the elastic cross section for relatively low m L at SSC energies, but their difference narrows with increasing m L , and also as the energy is reduced to that of the LHC. We note that the inelastic and elastic contributions are comparable at Tevatron energies. However, for the high energy colliders which we consider here, the elastic two photon production of charged heavy lepton pairs is not very important.
Conclusions
We have found that the inelastic two photon fusion production of pairs of heavy charged leptons in hadron colliders, pp → γγX → L + L − X, can be an important mechanism relative to the Drell-Yan and gluon fusion production mechanisms. Our calculation is done in a Weizsäcker-Williams approximation. At SSC energies, the inelastic two photon fusion is found to be comparable to the dominant Drell-Yan mechanism for a heavy lepton mass of 100 GeV. The two photon fusion cross section drops more rapidly than that of the Drell-Yan process as the heavy lepton mass increases. Hence, at SSC energies, the photon fusion mechanism is important provided the lepton mass is below about 200 -250 GeV. At LHC energies, the inelastic two photon fusion cross section is at least an order of magnitude below the dominant process cross sections over the mass range which we consider. Further, we have also calculated the elastic two photon fusion process, pp → γγpp → L + L − pp, within a modified Weizsäcker-Williams approximation, and find it to contribute at most 10% as much as the inelastic process at SSC energies. At LHC energies, it is also negligible relative to the dominant processes. However the elastic process might offer a very clean signal for detection of charged heavy leptons, as opposed to the other processes discussed here.
We are in the process of doing the exact calculation for both the inelastic and elastic processes considered here in order to verify the validity of our Weizsäcker-Williams approximations in the two cases.
